a2 United States Patent

Argoitia et al.

US009458324B2

US 9,458,324 B2
Oct. 4, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(735)

(73)

")

@
(22)
(65)

(63)

(1)

(52)

(58)

FLAKES WITH UNDULATE BORDERS AND
METHOD OF FORMING THEREOF

Inventors: Alberto Argoitia, Santa Rosa, CA
(US); Cornelis Jan Delst, Fairfax, CA
(US); Laurence Holden, Cranbury, NJ

(US)

Assignee: VIAVA SOLUTIONS INC., Milpitas,
CA (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 804 days.

Appl. No.: 12/463,114
Filed: May 8, 2009
Prior Publication Data

US 2009/0217842 Al Sep. 3, 2009

Related U.S. Application Data

Continuation-in-part of application No. 11/243,122,
filed on Oct. 4, 2005, now Pat. No. 7,645,510, which
is a continuation-in-part of application No.
10/762,158, filed on Jan. 20, 2004, now Pat. No.

(Continued)

Int. CL.

B32B 5/16 (2006.01)

C09C 1/00 (2006.01)
(Continued)

U.S. CL

CPC ....cccee. C09C 1/0015 (2013.01); B82Y 30/00
(2013.01); CO9C 1/0018 (2013.01);
(Continued)

Field of Classification Search
CPC . C09C 1/0015; C09C 1/0018; Y10T 428/25;
Y10T 428/2982; CO1P 2004/20; CO1P
2004/22; CO1P 2004/90
USPC e 428/402
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

10/1951 Pratt et al.
12/1961 Sylvester et al.

(Continued)

2,570,856 A
3,011,383 A

FOREIGN PATENT DOCUMENTS

AU 488652 11/1977
CN 2274363 'Y 2/1998

(Continued)

OTHER PUBLICATIONS

Spellbinder Paper  Aurts, community blog,
spellbinderspaperarts.com/comunity/blog, downloaded Jun. 13,
2012.%

WWW.

(Continued)

Primary Examiner — Holly Le
(74) Attorney, Agent, or Firm — Mannava & Kang, P.C.

(57) ABSTRACT

In a plurality of substantially same planar pigment flakes,
each flake is formed of one or more thin film layers. Each
flake has a face surface and a flake border delimiting the face
surface; the flake border undulates in the plane of the flake.
The flakes have a pre-selected shape, may have a symbol or
a grating thereon. A method of manufacturing of these flakes
including the steps of: (a) providing a substrate having a
plurality of one-flake regions and a plurality of depressions
or protrusions disposed therebetween and not extending into
the one-flake regions, (b) coating the substrate with a
releasable coating, and (c¢) removing the releasable coating
and breaking it into the flakes; wherein two adjacent of the
one-flake regions are separated by at least three of the
depressions or protrusions for facilitating the breaking of the
releasable coating into the flakes.

9 Claims, 6 Drawing Sheets




US 9,458,324 B2

Page 2
Related U.S. Application Data 5,009,486 A 4/1991 Dobrowolski et al.
5,037,101 A 8/1991 McNulty
7,241,489, which is a continuation-in-part of appli- 5,059,245 A 10/1991 Phillips et al.
cation No. 10/641,695, filed on Aug. 14, 2003, now 5,079,058 A 1/1992 Tomiyama
Pat. No. 7,258,915, and a continuation-in-part of 2’8;9"22? ﬁ };igg% E}il'sl}'umotto alet al.
e ,084, ilips et al.
application No. 10/243,111, filed on Sep. 13, 2002, 5.106.125 A 4/1992  Antes
now Pat. No. 6,902,807. 5,128,779 A 7/1992 Mallik
(60) Provisional application No. 60/696,593, filed on Jul. g’}?égflé ﬁ g;}gg% i,}f;ﬂhgs et al.
5, 2005, provisional application No. 61/051,463, filed 5:171:363 A 12/1992 Phillips et al.
on May 8, 2008. 5,177,344 A 1/1993 Pease
5,186,787 A 2/1993 Phillips et al.
5,192,611 A 3/1993 Tomiyama et al.
(51) Int.CL y
5,199,744 A 4/1993  Shenfon
B82Y 30/00 (2011.01) 5,208,630 A 5/1993 Goodbrand et al.
Cco9D 7/12 (2006.01) 5,214,530 A 5/1993 Coombs et al.
(52) U.S.CL 5,215,576 A 6/1993 Carrick
CPC ... C09D 7/1291 (2013.01); COIP 2004/20 5,223,360 A 6;1993 Prengel et al.
(2013.01); COIP 2004/22 (2013.01); COIP g%%‘ggg 2 1‘1)/1332 %}‘:ﬂﬁ et al
2004/64 (2013.01); COIP 2006/60 (2013.01); 5:279:657 A 1/1994 Philligs ot alz
YI10T 428/24612 (2015.01); Y10T 428/25 5,339,737 A 8/1994 Lewis et al.
(2015.01); YI0T 428/2982 (2015.01) 5354374 A 10/1994 Prengel
5364467 A 11/1994 Schmid et al.
. 5,364,689 A 11/1994 Kashiwagi et al.
(56) References Cited 5368.898 A 11/1994 Akedo
5411,296 A 5/1995 Mallik
U.S. PATENT DOCUMENTS 5424119 A 6/1995  Phillips et al.
3,123,490 A 3/1964 Bolomey et al. g’f‘;’ggé i gf}ggg Elsallet al.
3293331 A 12/1966 Doherty S464710 A 11/1995 Y:jg"p
3338730 A 8/1967 Slade et al. 5474814 A 12/1995 Komatsu et al.
3,610,721 A 10/1971 Abramson et al. ca0 -
Sk A ol e 5,549,774 A 8/1996 Miekka et al.
3.633.720 A 1/1972 Tyler 3349953 A 81996 Li_
3640000 A 211972 Komiyama 5,571,624 A 11/1996 Phillips et al.
Soemm  do S Smisma vl o
3,692,731 A *  9/1972 MCAOW ..oovvveereverrnn. 523/204 2 en 076 A 41997 Miekka of al
3,790,407 A 2/1974 Merten et al. ag '
. RE35,512 E 5/1997 Nowak et al.
3,791,864 A 2/1974 Stelr_lgroever 5.627.663 A 5/1997 Horan et al.
3,845499 A 10;1974 Ballinger 5.620.068 A * 51997 Miekka et al. .............. 428/148
3,853,676 A 12/1974 Gf_*ll(VleS . 5,630,877 A 5/1997 Kashiwagi et al.
i’gﬁ’ggg 2 g dg;; %’h os etl : 5,648,165 A 7/1997 Phillips et al.
WLt y ama ct al. 5,650,248 A 7/1997 Miekka et al.
4,053433 A 10/1977 L.eeil 5,653,792 A 1997 Phillips et al.
3’82‘6‘%3 i 1%3;; i;cc;err o 5672410 A 9/1997 Mickka et al.
4090838 A 7/1978 Cook et al. S8 & }%gg; gmght ettall'
4,103,044 A 7/1978 Eisenberg et al. Phed yama ct al
4126373 A 11/1978 Moraw 3,722,693 A 371998 Wicker
4155627 A 5/1979 Gale et al. 3742411 A 471998 Walters
4168983 A 9/1979 Vittands et al 5,744,223 A 4/1998 Abersfelder et al.
4174170 A 11/1979 Yamamoto et al. 3753392 A S/1998 Ray et al.
3107363 A 1080 rmama 5,763,086 A 6/1998 Schmid et al.
4244908 A 1981 Srifjﬂfu 5,766,738 A 6/1998 Phillips et al.
4271782 A 6/1981 Bate et al. J8IL775 A 91998 Lee
3018 A V1982 Mowss, T et al 5,814,367 A 9/1998 Hubbard et al.
4310584 A 1/1982 Cooper et al. g’gég’igé ﬁ 1%332 Kgﬁfﬁs
4394477 A 7/1983 Screeton 5’856’048 A 1/1999 Tahara et al
4,398,798 A 8/1983 Krawczak et al. Py '
4010 A Slosa A 5,858,078 A 1/1999  Andes et al.
4543551 A 9/1985 Peterson Touass A 1000 Pemy etal
4652395 A 3/1987 Marcina et al. o o
e A Vlogy Toeina & 5981,040 A 11/1999 Rich et al.
027, y A eiet : 5,989,626 A 11/1999 Coombs et al.
j’ggg’gg; i ;igg; g’gz dzm 5991078 A 11/1999 Yoshitake et al.
4705300 A 11/1987 Berning et al. 2’85%2 i %888 ggﬁiﬁg;‘;{(ﬂt .
4,705,356 A 11/1987 Berning et al. 6’033’782 A 3/2000 Hubbard et al ’
4721217 A 1/1988 Phillips et al. 013936 A 32000 Lareo '
4,756,771 A 7/1988 Brodalla et al. 045930 A 12000 D g Cal
4,779,898 A 10/1988 Berning et al. C 063691 A <5000 h/[r'e}lfliretaaj
4,788,116 A 11/1988 Hochberg /0% feika ot a’.
4.838.648 A 6/1989 Phillips et al. 6,071,665 A 6/2000 Dickerson et al.
4:847:652 A 7/1989 Masuda et al. 6,103,361 A 8/2000 Batzar et al.
4,867,793 A 0/1989 Franz et al. 6,112,388 A 9/2000 Kimoto et al.
4925215 A 5/1990 Klaiber 6,114,018 A 9/2000 Phillips et al.
4,930,866 A 6/1990 Berning et al. 6,150,022 A 11/2000 Coulter et al.
4,931,309 A 6/1990 Komatsu et al. 6,157,489 A 12/2000 Bradley, Jr. et al.
5,002,312 A 3/1991 Phillips et al. 6,160,046 A 12/2000 Bleikolm et al.



US 9,458,324 B2

Page 3

(56)

6,168,100
6,235,105
6,241,858
6,242,510
6,243,204
6,376,018
6,403,169
6,549,131
6,572,784
6,586,098
6,589,331
6,630,018
6,643,001
6,649,256
6,686,027
6,692,031
6,692,830
6,706,394
6,712,399
6,729,656
6,749,777
6,749,936
6,751,022
6,759,097
6,761,959
6,808,806
6,815,065
6,818,299
6,838,166
6,841,238
6,901,043
6,902,807
6,987,590
7,029,525
7,047,883
7,241,489
7,258,915
7,396,401
7,550,197
7,645,510
9,102,195
2002/0021003
2002/0097832
2002/0182383
2002/0192585
2003/0058491
2003/0087070
2003/0104206
2003/0134939
2003/0177949
2003/0185972
2003/0190473
2003/0224164
2004/0009309
2004/0028905
2004/0051297
2004/0052976
2004/0067360
2004/0081807
2004/0094850
2004/0100707
2004/0101676
2004/0105963
2004/0115279
2004/0151827
2004/0166308
2005/0024626
2005/0037192
2005/0063067
2005/0106367
2005/0123755
2005/0128543
2005/0133584
2005/0189060
2005/0277704

References Cited

U.S. PATENT DOCUMENTS

Bl 1/2001
Bl 5/2001
Bl 6/2001
Bl* 6/2001
Bl 6/2001
Bl 4/2002
Bl 6/2002
Bl 4/2003
Bl 6/2003
Bl 7/2003
B2 7/2003
B2  10/2003
Bl  11/2003
Bl  11/2003
Bl 2/2004
B2 2/2004
B2* 2/2004
B2* 3/2004
Bl 3/2004
B2 5/2004
B2 6/2004
B2 6/2004
B2 6/2004
B2 7/2004
Bl 7/2004
B2  10/2004
B2  11/2004
B2  11/2004
B2 1/2005
B2 1/2005
B2 5/2005
B1* 6/2005
B2 1/2006
Bl 4/2006
B2 5/2006
B2 7/2007
B2 8/2007
B2 7/2008
B2 6/2009
B2* 1/2010
B2* 82015
Al 2/2002
Al 7/2002
Al 12/2002
Al 12/2002
Al 3/2003
Al 5/2003
Al*  6/2003
Al 7/2003
Al*  9/2003
Al 10/2003
Al 10/2003
Al* 12/2003
Al 1/2004
Al 2/2004
Al 3/2004
Al 3/2004
Al 4/2004
Al 4/2004
Al 5/2004
Al 5/2004
Al 5/2004
Al 6/2004
Al*  6/2004
Al* 82004
Al 8/2004
Al 2/2005
Al*  2/2005
Al 3/2005
Al 5/2005
Al 6/2005
Al 6/2005
Al 6/2005
Al 9/2005

Al 12/2005

Kato et al.
Hubbard et al.
Phillips et al.
Killey ..ooovireercinicnee 523/204
Bradley, Jr. et al.
Kittler et al.
Hardwick et al.
Cote et al.
Coombs et al.
Coulter et al.
Ostertag et al.
Bauer et al.
Faris

Buczek et al.
Caporaletti et al.

McGrew

Argoitia et al. .............. 428/403
Kuehnle et al. .............. 428/402
Drinkwater et al.

Kubert et al.

Argoitia et al.
Argoitia et al.
Phillips

Phillips et al.
Bonkowski et al.
Phillips et al.
Argoitia et al.
Phillips et al.
Phillips et al.
Argoitia et al.
Zhang et al.
Argoitia et al.
Phillips et al.
Mehta
Raksha et al.
Argoitia et al.
Argoitia et al.
Jungnitz et al.
Kittler et al.
Argoitia 428/402
Raksha ............ B41M 7/0072
McGrew
Kaiser et al.
Phillips
Brenner et al.
Holmes et al.
Souparis
Argoitia et al.
Vuarnoz et al.
Phillips et al.
Rieck et al.
Argoitia et al.
Argoitia et al.
Raksha et al.
Phillips et al.
Raksha et al.
Buczek et al.
Steenblik et al.
Bonkowski et al.

Bonkowski et al.

Kay et al.

Phillips

Bonkowski et al.

Hansford et al. ............. 424/489
Argoitia et al. ... 427/7
Raksha et al.

Faris et al.

Argoitia et al. .............. 428/323
Phillips et al.

Raksha et al.

Argoitia et al.

Phillips et al.

Finnerty et al.

Huang et al.

Edwards et al.

.............. 428/403

.............. 428/323

.............. 428/404

............... 106/403

.............. 428/403

2006/0035080 Al*
2006/0077496 Al
2006/0081151 Al
2006/0097515 Al
2006/0194040 Al
2006/0198998 Al
2006/0263539 Al
2007/0058227 Al
2008/0069979 Al
2008/0107856 Al
2008/0236447 Al
2009/0072185 Al

CN
DE
DE
DE
DE
DE
DE
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
GB
GB
JP
JP
JP
JP
JP
JP
JP
JP
JP
JP
JP
JP
JP
RU
WO
WO
WO
WO
WO
WO
WO
WO
WO
WO
WO
WO

2/2006
4/2006
4/2006
5/2006
8/2006
9/2006
11/2006
3/2007
3/2008
5/2008
10/2008
3/2009

ATgOItia oo
Argoitia
Raksha et al.
Raksha et al.
Raksha et al.
Raksha et al.
Argoitia
Raksha et al.
Raksha et al.
Argoitia et al.
Argoitia et al.
Raksha et al.

FOREIGN PATENT DOCUMENTS

1193299 A
4212290
4343387
19639165
19611383
19731968
19744953
0138194
0341002
0420261
0453131
0556449
406667
0660262
0170439
710508
0741370
0756945
0395410
0698256
0914261
0953937
0978 373
1174278
1239307
1239307 Al
1353 197
1 498 545
1516957
1529653
1669213
1674282
1719636
1741 757
1745940
1760118
1107395
1131038
51107800
63172279
63172779
0216044
07331109
08101942
11010771
1180585
11152437
2001261999
2002522263
2002254545
2005512761
2201620
WO088/07214
93/23251
95/17475
95/13569
97/19820
98/12583
00/08596
01/03945
01/53113
02/00446
02/04234
02/40599

>

QI i g

b

9/1998
5/1993
6/1995
6/1997
9/1997
1/1999
4/1999
10/1984
11/1989
4/1991
10/1991
8/1993
1/1995
1/1995
4/1995
5/1996
11/1996
2/1997
8/1997
10/1997
5/1999
11/1999
2/2000
1/2002
9/2002
9/2002
10/2003
1/2005
3/2005
5/2005
6/2006
6/2006
11/2006
1/2007
1/2007
3/2007
3/1968
10/1968
9/1976
7/1988
7/1988
1/1990
12/1995
4/1996
1/1999
3/1999
6/1999
9/2001
7/2002
9/2002
5/2005
3/2003
9/1988
11/1993
1/1995
5/1995
6/1997
3/1998
2/2000
1/2001
7/2001
1/2002
1/2002
5/2002

428/402



US 9,458,324 B2
Page 4

(56) References Cited
FOREIGN PATENT DOCUMENTS

WO 02/40600 5/2002
WO 02/053677 7/2002
WO 02/090002 11/2002
WO WO 03/011980 2/2003
WO 03/102084 12/2003
WO WO 2004007096 1/2004
WO 2004/024836 3/2004
WO 2005/017048 2/2005
WO WO 2005026848 3/2005

OTHER PUBLICATIONS

Stock Image: Metallic postage stamps, dreamstime.com, down-
loaded Jun. 18, 2012.*

Picture of gold postage stamp (circa 1972).*

Introduction to Microelectromechanical Systems (MEMS), BYU,
Department of Mechanical Engineering (2005).*

“Optical Thin-Film Security Devices”, J.A. Dobrowolski, Optical
Security Document, Rudolf Van Renesse, Artech House, 1998, pp.
289-328.

Rudolf L. van Renesse, “Paper Based Document Security—a
Review”, European Conference on Security and Detection, Apr.
28-30, 1997, Conference Publication No, 437, p. 75-80.
Diffractive Microstructures for Security Applications: M. T. Gale,
Paul Scherrer Institute, Zurich, IEEE Conference Publication Lon-
don 1991, pp. 205-209, Sep. 16-18, 1991.

Definition of “directly” from Webster’s Third New International
Dictionary, 1993, p. 641.

John M. McKiernan et al; “Luminescence and Laser Action of
Coumarin Dyes Doped in Silicate and Aluminosilicate Glasses
Prepared by Sol-Gel Technique,” Journal of Inorganic and
Organometallic Polymers, vol. 1, No. 1, 1991, pp. 87-103.
Jeffrey 1. Zink et al, “Optical Probes and Properties of
Aluminosilicate Glasses Prepared by the Sol-Gel Method,” Polym.
Mater. Sci. Eng., pp. 204-208 (1989).

Phillips et al., “Security Enhancement of Holograms with Interfer-
ence Coatings”, Optical Security and Counterfeit Deterrence Tech-
niques III Proceedings of SPIE vol. 3973 p. 304-316 (2000).

Don W. Tomkins, Kurz Hastings, “Transparent Overlays for Secu-
rity Printing and Plastic ID Cards” pp. 1-8, Nov. 1997.

J.A. Dobrowolski et al, “Optical Interference Coatings for Inhibit-
ing of Counterfeiting” Optica Acta, 1973, vol. 20, No. 12, 925-037.
Frans Defilet, LGZ Landis & Gyr Zug Corporation, “Kinegrams
’Optical Variable Devices” (OVD’s) for Banknotes, Security Docu-
ments and Plastic Cards” San Diego, Apr. 1-3, 1987.

S.P. McGrew, “Hologram Counterfeiting: Problems and Solutions”
SPIE, vol. 1210 Optical Security and Anticounterfeiting Systems,
1990, pp. 66-76.

Rudolf L. van Renesse, “Security Design of Valuable Documents
and Products” SPIE, vol. 2659, Jun. 1996, pp. 10-20.

Steve McGrew, “Countermeasures Against Hologram Counterfeit-
ing” Internet site www.iea.com/nli/publications/countermeasures.
htm, Jan. 6, 2000.

Roger W. Phillips, “Optically Variable Films, Pigments, and Inks”
SPIE vol. 1323 Optical Thin Films III: New Developments, 1990,
pp. 98-109.

Roger W. Phillips et al., “Optical Coatings for Document Security”
Applied Optics, vol. 35, No. 28, Oct. 1, 1996 pp. 5529-5534.

J. Rolfe, “Optically Variable Devices for use on Bank Notes” SPIE,
vol. 1210 Optical Security and Anticounterfeiting Systems, pp.
14-19, 1990.

OVD Kinegram Cor “OVD Kinegram Management of Light to
Provide Security” Internet site www.kiknegram.com.xhome.html
Dec. 17, 1999.

IM. Boswarva et al., “Roll Coater System for the Production of
Optically Variable Devices (OVD’s) for Security Applications”
Proceedings, 33" Annual Technical Conference, Society of Vacuum
Coaters, pp. 103-109 (1990).

R. Domnick et al, “Influence of Nanosized Metal Clusters on the
Generation of Strong Colors and Controlling of their Properties
through Physical Vapor Deposition (PVD)” 49" Annual Technical
Conference Proceedings (2006), Society of vacuum Coasters.
Llewellyn, “Dovids: Functional Beauty—discussion about holog-
raphy”, Paper, Film, and Foil Converter, Aug. 2002.

Hardin, “Optical tricks designed to foil counterfeiters”, OE Reports,
No. 191, Nov. 1999.

Argoitia and Witzman, “Pigments Exhibiting Diffractive Effects”,
Soc. of Vac. Coaters, 45" Annual Tech. Conf. Proceed. (2002).
Powell et al. (ED), “Vapor Disposition”, John Wiley & Sons, p. 132,
1996.

Van Renesse (Ed.), “Optical Document Security”, 2" Ed., Artech
House 254, 349-69 (1997).

Lotz et al., Optical Layers on Large Area Plastic Films, Precision,
Applied Films (Nov. 2001).

Himpsel et al., Nanowires by Step Decoration, Mat. Research Soc.
Bul,, pp. 20-24 (Aug. 1999).

Prokes and Wang (ED.), Novel Methods of Nanoscale Wire For-
mation, Mat. Research Soc. Bul., pp. 13-14 (Aug. 1999).
Dobrowolski et al., “Research on Thin Film Anticounterfeiting
Coatings at the National Research Council of Canada”, Applied
Optics, vol. 28, No. 14, pp. 2702-2717, Jul. 15, 1989.

Halliday et al, “Fundamentals of Physics, Sixth Edition”, p. 662, Jul.
2000.

Argoitia et al, “Pigments Exhibiting Diffractive Effects”, Soc. of
Vac. Coaters, 45" Annual Tech. Conf. Proceed. (2002).

Argoitia et al, “The concept of printable holograms through the
alignment of diffractive pigments”, SPIE Conference on Document
Security, Jan. 2004.

Coombs et al, “Integration of contracting technologies into
advanced optical security devices”, SPIE Conference on Document
Security, Jan. 2004.

J.A. Dobrowolski, “Optical Thin-Film Security Devices”, J.A.
Dobrowolski, Optical Security Document, Rudolf Van Renesse,
Artech House, 1998, pp. 289-328.

Alberto Argoitia, “Pigments Exhibiting a Combination of Thin Film
and Diffractive Light Interference”, AIMCAL Fall Technical Con-
ference, 16th International Vacuum Web Coating Conference, Jan.
2002, pp. 1-9.

Minolta Manual for “Precise Color Communication, Color Control
From Feeling to Instrumentation”, 1994, pp. 18, 20, 22-23, 46-49.
The Mearl Corporation Brochure for “Mearl Iridescent Film”
Peekskill, NY, 1986, 1 page.

The R.D. Mathis Company Manual for “Thin Film Evaporation
Source Reference” Long Beach, CA, Oct. 2001.

* cited by examiner



U.S. Patent Oct. 4, 2016 Sheet 1 of 6 US 9,458,324 B2

FIG. 1
130
/-./

5

© :\
OO0 0D®

1 © \

| © &

| |

140

lo !

| © |

| |
Blelalelalalalalale lale)

% 1 |

145 B

120

lo |

lo! ~_

1 @1 100

obd:
0 @W@@ 0.0

\ 6D
Q \9

|

110 110 110

FIG. 2



US 9,458,324 B2

Sheet 2 of 6

Oct. 4, 2016

U.S. Patent

170

\ A

100

P < 20 2@ |
.. k ( ‘. .‘
ﬁ@ O0B0LODEOOOOR0 OO0
D00, OO @@@@& @&@ @@oc oo_
"
@W @” lmﬂ/
% o - 00 O.
g 5 9 0
@% /r @@ —_— I@P@
@@@ 0@@%&&@@000@@0"
.&@@%moc @Y @%ﬂ@@@r @@b@ )
09 02 8
53] (2] ®
o9 Og Op
% 90 2|
o© o %
000000000009 00000000¢
000000000000 RO
00 09 @@
a® 0@ @

110

110

FIG. 3

FIG. 4



U.S. Patent Oct. 4, 2016 Sheet 3 of 6 US 9,458,324 B2

O O

© 0] % %
%%%M%ﬁg%%%%%%@@%@:%@@%M%%%%@%@%%g%ﬂ%%@%%%%@%ﬂ%@%@@

N SN S

o

%JDSU% JDSU ¢ JDSU 9

o 0 o

16} O &) %
4%%@%@%?%%@%%%%@%%%ﬁ@%@%@%%%%@ﬁ%gﬁ%@%%@%W%@%%%%?%M%

8 5 8 w8

o JDSUe JDSU ¢ JOSU 0

o ) 5] L

() O 0 100

Q 0 /& 0 ﬁ# o
OO0 slaxalalelel sxolaloXalelelelolals GXalE el

O O O ©

& e o e

| |

110 110

FIG. 5A

110

()] (4] Q
o &) 0
%%m@%%@%%w%%@%%%% POO OO0 0O OO
o 0
0 0 6)
@] O O
%) 0O 0
[6) ) %)
@] ) 0]
[©) 0 [©)
%%%@%%%%%%3 00 0dg
S 9
0O 6)
© — 0
% I | n % -
:% o O 100
%%@%%%@@%@%w?@@w o9
(@) Q (@)
(6] @ (6]

|

110 110

FIG. 5B

110



U.S. Patent Oct. 4, 2016 Sheet 4 of 6 US 9,458,324 B2

330

FIG. 6A

FIG. 6B



U.S. Patent

Oct. 4, 2016 Sheet 5 of 6

r 301

330

FIG. 7

f 302

330

360

FIG. 8

US 9,458,324 B2



US 9,458,324 B2

Sheet 6 of 6

Oct. 4, 2016

U.S. Patent

400

oty

S
7

e

FIG.9



US 9,458,324 B2

1
FLAKES WITH UNDULATE BORDERS AND
METHOD OF FORMING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation-in-part of U.S.
patent application Ser. No. 11/243,122 filed Oct. 4, 2005,
now issued U.S. Pat. No. 7,645,510, which is a continuation-
in-part of U.S. patent application Ser. No. 10/762,158 filed
Jan. 20, 2004, now issued U.S. Pat. No. 7,241,489, which is
a continuation-in-part of U.S. patent application Ser. No.
10/641,695 filed Aug. 14, 2003, now issued U.S. Pat. No.
7,258,915, and also is a continuation-in-part of U.S. patent
application Ser. No. 10/243,111 filed Sep. 13, 2002, now
issued U.S. Pat. No. 6,902,807, the disclosures of which are
incorporated herein by reference for all purposes. The U.S.
patent application Ser. No. 11/243,122 also claims priority
from U.S. provisional patent application No. 60/696,593
filed Jul. 5, 2005, which is incorporated herein by reference.
The present application claims priority from U.S. provi-
sional patent application No. 61/051,463 filed May 8, 2008,
which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

The present invention relates generally to thin-film pig-
ment flakes, and more particularly to a method of manufac-
turing of shaped flakes.

BACKGROUND OF THE INVENTION

Specialty pigments are used in a variety of security
applications, such as anti-counterfeiting devices printed on
banknotes, packaging of high-value items, seals for contain-
ers, etc. One type of specialty pigments is color-shifting
flakes used in special-effect inks. The color-shifting flakes
are manufactured by deposition of several layers of various
materials onto a substrate and then breaking the deposited
coating into single flakes. This method results in irregularly-
shaped pigment flakes.

Alternatively, flakes of a particular shape provide a secu-
rity feature which is visible only under magnification. Addi-
tionally, shaped flakes may be used for coding of security
inks or any other objects. Another anti-counterfeiting
approach uses microscopic symbols, for example, embossed
on the pigment flakes. A combination of the above features
may be used in the same flakes for enhanced security.

SUMMARY OF THE INVENTION

The invention relates to a method of manufacturing of
pigment flakes including the steps of: (a) providing a sub-
strate having a plurality of one-flake regions and a plurality
of depressions or protrusions disposed therebetween and not
extending into the one-flake regions, (b) coating the sub-
strate with a releasable coating, and (c¢) removing the releas-
able coating and breaking it into the flakes; wherein two
adjacent of the one-flake regions are separated by at least
three of the depressions or protrusions for facilitating the
breaking of the releasable coating into the flakes.

The invention provides a plurality of substantially same
planar pigment flakes. Each flake includes one or more thin
film layers and has a face surface and a flake border
delimiting the face surface. A diameter of the face surface is
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less than 100 microns and a thickness of the flake is less than
4 microns; the flake border undulates in the plane of the
flake.

Another aspect of the present invention relates to a
method of manufacturing of pigment flakes wherein a sub-
strate has polygon-shaped one-flake regions with a number
of'sides between 3 and 6, and one or two rows of depressions
or protrusions between two adjacent one-flake regions for
forming a perforation line. The number of the depressions or
protrusions per one side of the polygon-shaped one-flake
regions is between 7 and 20.

The invention further provides a plurality of substantially
same planar pigment flakes, wherein the each flake includes
one or more thin film layers and has a face surface and a
flake border delimiting the face surface. A diameter of the
face surface is less than 100 microns and a thickness of the
flake is less than 4 microns. Each flake has a square shape
with at least three sides thereof being undulate lines in the
plane of the flake, wherein each line undulates periodically
and has a number of waves between 8 and 20 per side of the
polygon.

Another feature of the present invention provides shaped
pigment flakes with a symbol thereon and an undulate
border. The invention provides a method of forming such
flakes using a substrate with same-shaped one-flake regions
separated by depressions or protrusions for facilitating
breakage of the flakes along the undulate lines; the one-flake
regions have the symbols formed therein.

Yet another aspect of this invention provides shaped
grated flakes as well as a method of forming such flakes
using a substrate with polygon-shaped one-flake regions
which have grooves or ridges for providing a grating to the
flakes, wherein the grooves or ridges of a first one-flake
region are separated from the grooves or ridges of a second
one-flake region by one or two rows of depressions or
protrusions.

The invention also provides a sheet of one-flake regions,
for forming the flakes defined in claim 1. The sheet has (a)
a substrate having the one-flake regions and a plurality of
depressions or protrusions disposed therebetween and not
extending into the one-flake regions, and (b) a releasable
coating coated onto the substrate, wherein a diameter of the
one-flake regions is less than 100 microns and stripes of
depressions and protrusions between two of the one-flake
regions have a width of less than 20% of the diameter, and
wherein two adjacent of the one-flake regions are separated
by at least three of the depressions or protrusions for
facilitating the breaking of the releasable coating into the
flakes, so that breakage is likely to occur about the depres-
sions or protrusions, when the releasable coating is sepa-
rated into the flakes.

According to the invention, a plurality of substantially
same pigment flakes is provided, wherein each flake has one
or more thin film layers, a diameter of the flake is between
2 and 100 microns, and a thickness of the flake is less than
50% of the flake diameter, the flake border is an undulate
line in the plane of the flake and has at least four waves per
side of the flake.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail with
reference to the accompanying drawings, wherein:

FIG. 1 is a micro photograph of a flake in accordance with
the invention;

FIG. 2 is a schematic plan view of a deposition substrate
in accordance with one embodiment of the invention;
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FIG. 3 is a schematic plan view in accordance with one
embodiment of the invention;

FIG. 4 is a perspective view of the substrate shown in
FIG. 3,

FIG. 5A is a schematic plan view of a deposition substrate
for manufacturing flakes with symbols;

FIG. 5B is a schematic plan view of a deposition substrate
for manufacturing grated flakes;

FIG. 6A is a schematic plan view of a pigment flake;

FIG. 6B is a micro photograph of flakes with undulate
borders;

FIG. 7 is a schematic plan view of a pigment flake with
a symbol;

FIG. 8 is a schematic plan view of a pigment flake with
a diffraction grating; and,

FIG. 9 is a perspective view of a sheet of one-flake regions
forming flakes with undulate borders.

DETAILED DESCRIPTION

The method described below provides pigment flakes,
which are typically about 5-100 microns across, more typi-
cally about 20-40 microns across. The flakes have a postage
stamp-like edge for easy severing along the designated lines
during the manufacturing process. The perforation is
enabled by using a particular structured deposition substrate
which has teeth (protrusions) or holes (depressions) between
one-flake regions. Portions of the flake material deposited
into the holes or on top of the teeth easily break from the
flake portions and from each other, thus creating flakes of a
desired shape and debris fragments of a significantly size
smaller than the flakes. FIG. 1 illustrates such a flake; small
debris fragments are visible in the top right corner of the
picture.

With reference to FIG. 2, a substrate 100 has a plurality
of one-flake regions 110 and depressions or protrusions 120
disposed between the one-flake regions 110. The substrate
100 is designed for manufacturing of postage-stamp shaped
flakes, wherein perforation between the flakes is formed by
the depressions or protrusions 120.

The one-flake regions 110 have a shape selected for the
flakes being manufactured. FIG. 2 shows the one-flake
regions 110 to have a square shape; however, they may have
other shapes, such as a circle or a polygon with 3 or 6 sides.
The largest dimension of the one-flake region 110, a diam-
eter 145, depends on the desired flake size, and is greater
than 2 and less than 100 microns.

A strip of depressions and protrusions 120 between two of
the one-flake regions 110 have a width of less than 20% of
the diameter 145. In FIG. 2, the depressions or protrusions
120 form rows 130 so that one row 130 separates a pair of
adjacent one-flake regions 110.

Breaking features 120 may be either depressions, or
protrusions, or a mixture thereof. The depressions and
protrusions 120 may be from 100 nm to 2000 nm deep or
high, respectively.

The density of the depressions or protrusions 120 depends
on the flake size; two adjacent one-flake regions 110 are
separated by at least three depressions or protrusions 120 for
facilitating the breaking of the releasable coating into the
flakes. Preferably, the substrate 100 has from 7 to 20
depressions/protrusions 120 per a flake side.

By way of example, a substrate for manufacturing of 2x2
microns flakes has the depressions/protrusions 120 of about
0.1-0.2 microns in diameter, and a substrate for manufac-
turing of 25x25 microns flakes has the depressions/protru-
sions 120 of about 1.5-2.5 microns in diameter.
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In another example, for manufacturing of 15x15 microns
square-shaped flakes shown in FIG. 6B, a substrate has a
distance 140 between two neighboring strips of the depres-
sions/protrusions 120, which are represented by rows 130,
equal to 15 microns; the rows 130 include 7 holes per a
15-microns interval thus causing a side of the flake to have
7 waves.

The depressions and protrusions 120 are preferably round
in the plane of the substrate so as to minimize the size of
debris fragments for a given separation of the flakes; how-
ever the depressions/protrusions 120 may have any shape.

The depressions or protrusions 120 may be directly adja-
cent to one another or separated by an isthmus so as to
guarantee separation of the debris into the smallest frag-
ments when the flakes are released from the substrate.

With reference to FIG. 3, the depressions/protrusions 120
between two one-flake regions 110 may be arranged in a
zigzag pattern 121 forming two rows 170 to ensure better
separation of the debris fragments associated with single
depressions or protrusions 120.

By way of example, FIG. 4 is a microphotograph of a
portion of a substrate with two rows of depressions arranged
in the zigzag pattern. The substrate is made by embossing a
plastic film with a nickel shim.

Since the depressions or protrusions 120 are for breaking
the one-flake regions 110 from one another, the depressions
or protrusions 120 are not extending into the one-flake
regions 110.

With reference to FIG. 5A, the one-flake regions 110 may
have one or more symbols 150 embossed in the surface of
the substrate 100 or protruding therefrom. The symbols 150
are understood to include alpha-numeric symbols, as well as
logos, barcodes, etc.

With reference to FIG. 5B, the one-flake regions 110 may
have grooves or ridges 160 for providing a grating structure
to the flakes. The grooves or ridges 160 extend through the
one-flake region 110 and the grooves or ridges 160 of one
region 110 are separated from the grooves or ridges of
another region 100 by a row of the depressions or protru-
sions 120, or by two rows, or by a strip of irregularly
positioned depressions or protrusions 120. The grooves or
ridges 160 may be spatially separated from the depressions
or protrusions 120 by isthmuses as shown in FIG. 5B, or be
in direct contact with the depressions or protrusions 120.
The grooves or ridges 160 have a frequency in the range of
from 100 to 5000 lines/mm.

Alternatively, the substrate 100 shown in FIG. 5B may
have only the rows of the depressions or protrusions 120
which are orthogonal to the grooves or ridges 160. In that
case, the releasable coating would break along the grooves
or ridges 160 in one direction and along the rows 130 in
another direction.

Deposition of a releasable coating onto the substrate 100
shown in FIG. 5B, subsequent removal of the coating and its
breakage about the depressions/protrusions 120, result in
diffractive flakes having a same pre-selected shape. Such
flakes have their borders undulate in the plane of the flake,
whereas conventional diffractive flakes, broken across their
grooves, have an irregular shape and a flake border undulate
up-and-down relative to the plane of the flake.

For the diffractive flakes, as well as for all the flakes of the
instant invention, the in-plane undulate flake border is a
result of the novel manufacturing process, which provides
flakes of a preselected shape with very low quantity of debris
and debris fragments of a smaller size than other methods.
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Additionally, the in-plane undulate flake borders provide a
security feature, which is difficult to counterfeit and simple
to detect.

The substrate 100 may be formed of any material; how-
ever, plastic substrates, e.g. formed of polyethylene
terephthalate (PET), are preferable.

The origination of the master for the fabrication of
surface-relief microstructures for the structured substrate
100 may be fabricated using known techniques, such as laser
writing, e-beam writing, diamond scribing, masking, etc.
The methods of laser and e-beam direct writing are better
suited when a fine microstructure is desired. After the
original master is originated, a nickel shim is electroformed
and recombined to get the final production Ni shim to a size
desired in production. The nickel shim may be used in any
of high resolution replication technologies, such as hot
stamping, embossing, hot-roller embossing, injection-mold-
ing, UV casting-embossing, etc. In mass production of
pigment flakes, the embossed substrate is a long roll of
plastic foil, and the replication technology is UV casting or
pressure/temperature embossing.

In the process of flake manufacturing, the substrate 100 is
coated with one or more thin film layers forming a releasable
coating. Usually a first layer of the releasable coating is a
release layer, by way of example, made of a water-soluble
material. In some cases, the microstructured layer itself can
be soluble so that the release layer is not necessary.

A roll coater is one type of apparatus, which may be used
to produce flakes according to embodiments of the inven-
tion. A roll of polymer substrate material is passed through
a deposition zone(s) and coated with one or more thin film
layers, which are typically 50 to 3000 nm thick layers of
inorganic material; however organic layers also may be
present. Multiple passes of the roll of polymer substrate back
and forth through the deposition zone(s) may be made.
Known deposition techniques include variations of chemical
vapor deposition (CVD) and physical vapor deposition
(PVD) methods. The releasable coating is then removed
from the polymer substrate and broken into flakes. In more
detail this process is described in U.S. Pat. No. 5,059,245,
incorporated herein by reference.

By way of example, the releasable coating includes a
reflector layer, an absorber layer, and a spacer layer ther-
ebetween, for manufacturing of color-shifting pigment
flakes. Preferable materials are Aluminum, MgF,, and Chro-
mium as described in the U.S. Pat. No. 5,059,245, Alterna-
tively, the releasable coating is formed of one or more
transparent or semi-transparent materials for manufacturing
covert flakes for security applications as described in U.S.
Pat. No. 7,258,915, incorporated herein by reference. Fur-
ther, the releasable coating may include a metal layer for
providing bright reflective flakes and/or a layer of magnetic
material for orientation of the flakes in a magnetic field as
described in U.S. Pat. No. 6,150,022, incorporated herein by
reference. The releasable coating has a thickness in the range
of from 100 nm to 4000 nm.

The substrate 100 has a microstructure that facilitates
breaking of the flakes in specific shapes during the post-
processing steps. These steps include stripping off the coat-
ing from the substrate 100 and grinding/sizing the stripped
material. Also, in the printing application, some of the
printing processes include the application of forces that tend
to further break the flakes from each other.

One of the flakes manufactured as described above is
schematically shown in FIG. 6A. The flake 300 has a face
surface 310 and a flake border 330, which delimits the face
surface 310. The flake 300 is formed of the one or more thin
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film layers discussed above. A diameter 320 of the face
surface 310 is less than 100 microns which corresponds to
the diameter 145 of the one-flake region 110 shown in FIGS.
2,3, 5A and 5B. A thickness of the flake 300 is less than 50%
of the diameter 320 so as to ensure planar characteristics of
the flake. The flake 300 has a planar central region 340.

By way of example, FIG. 6B is a microphotograph of
flakes similar to the flake 300 shown in FIG. 6 A. The square
flakes shown in FIG. 6B have a flake border with 7 waves
per 15-microns side of the square.

Optionally, the flake 300, shown as flake 301 in FIG. 7,
has one or more symbols 350 thereon, which correspond to
the symbols 150 on the substrate 100 shown in FIG. SA.

Optionally, the flake 300, shown as flake 302 in FIG. 8,
has a diffraction grating 360 formed on the grooves or ridges
160 of the substrate 100 shown in FIG. 5B. It should be
noted that the grating 360 and the grooves or ridges 160 are
depicted not to scale for illustration purposes.

According to the instant invention, the flake border 330
shown in FIGS. 6-8 undulates in the plane of the flake.

The shaped pigment flakes of the instant invention, such
as shown in FIGS. 1, 6A, 6B, 7 and 8, may be color-shifting
flakes, bright reflective flakes, transparent or semi-transpar-
ent flakes, may include a magnetic material and/or have
symbols thereon; the flakes may include multiple layers or
be single-layer flakes, e.g. made of a metal or a transparent
material. The flakes of the instant invention have a diameter
between 2 and 100 microns and a thickness of from 100 nm
to 4000 nm. The aspect ratio of flake diameter to flake
thickness is at least 2 to 1 and preferably higher.

The pigment flakes formed by the method of the instant
invention may have any preselected shape; however the
polygon shapes are preferred because of easier perforation
along the straight lines. Since at least some of the sides of
the flakes are not straight but wavy (undulate) lines, the
shape of the flakes is better described as a substantially
polygonal shape.

The preferable number of sides in the polygon-shaped
flakes is 3, 4 or 6, in order to ensure full utilization of the
substrate surface. Preferably all the sides of the flakes are
undulate lines; it is desirable for flakes to have at least three
undulate sides.

In one embodiment, at least a portion of the flake border
330 undulates periodically and has at least four waves. With
reference to FIG. 9, an amplitude 410 of the waves is less
than 20% of the diameter 320 of the face surface 310.

In practice, the undulate flake border is not necessarily an
ideal postage-stamp-like border as shown e.g. in FIG. 6A.
Some of the debris formed over the depressions or protru-
sions 120 may be still attached to the flake as it is shown in
FIG. 1; all the border of the flake shown in FIG. 1 is an
undulate line.

FIG. 9 shows a sheet 400 of one-flake regions 310 for
forming the flakes 300, 301, or 302. The sheet 400 includes
the substrate 100, not shown in FIG. 9, but shown in FIGS.
2-5B. Supported by the substrate 100 is a releasable coating
430 formed of the one or more thin film layers described
above. The structural features of the substrate 100 are
replicated in the coating 430. The substrate 100 and the
coating 430 have the one-flake regions 110/310 and the
depressions or protrusions 120 disposed therebetween and
not extending into the one-flake regions 110/310. The diam-
eter 145/320 of the one-flake regions is in the range of from
2 to 100 microns; and stripes 420 of the depressions or
protrusions 120 between two of the one-flake regions 110/
310 have a width of less than 20% of the diameter 145/320.
Two adjacent one-flake regions 110/310 are separated by at
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least three depressions or protrusions 120 for facilitating the
breakage of the releasable coating 430 into the flakes 300,
301 or 302, so that breakage is likely to occur about the
depressions or protrusions 120, when the releasable coating
430 is separated into the flakes. At least some of the
one-flake regions 110/310 may have symbols 150/350 or
diffraction grating 160/360. The coating 430 may be the
color-shifting coating or any other coating described above.

Advantageously, the method of the instant invention cre-
ates less debris and of a smaller size than other known
methods. The debris are less visually apparent and less likely
to be mistaken for broken flakes because of the size differ-
ence. Further, the undulate borders of the flakes make
counterfeiting more difficult and provide an additional prod-
uct-authentication feature.

The shaped flakes can have other than optical applica-
tions. For example, specifically shaped thin flakes can carry
drugs, e.g. by inhalation, to a particular part of the body;
considering that a 8 micron shaped flake has dimensions
close to those of blood cells. Alternatively, specifically
microstructured shapes and the materials applied can be
engineered to have high surface areas for catalysis purposes.

We claim:

1. A plurality of substantially same planar pigment flakes,
each flake comprising one or more thin film layers, each
flake having a face surface and a flake border delimiting the
face surface, wherein the face surface has a shape substan-
tially polygon and at least three sides of the polygon
comprising undulate lines that undulate in the plane of the
flake, and wherein the flakes have a same selected shape, a
thickness of less than 4 microns, and a diameter of the face
surface of less than 100 microns.

5

10

15

20

25

30

8

2. The flakes as defined in claim 1, wherein the undulate
lines each comprises at least four waves and wherein an
amplitude of the waves is less than 20% of the diameter of
the face surface.

3. The flakes as defined in claim 2, wherein the undulate
lines undulate periodically.

4. The flakes as defined in claim 3, wherein the polygon
is a square and the undulate lines have a number of waves
between 7 and 20 per side of the polygon.

5. The flakes as defined in claim 3, wherein each flake
comprises a symbol.

6. The flakes as defined in claim 3, wherein each flake
comprises a diffraction grating.

7. The flakes as defined in claim 3, wherein the one or
more thin film layers comprise a reflector layer, an absorber
layer, and a spacer layer therebetween, for providing a
color-shifting effect to the flakes.

8. A plurality of substantially same planar pigment flakes,
each flake comprising one or more thin film layers, each
flake having a face surface and a flake border delimiting the
face surface, wherein the face surface has a shape substan-
tially that of a polygon, wherein two adjoining sides of the
polygon undulate in the plane of the flake, and wherein the
flakes have a same selected shape and a diameter of the face
surface of less than 100 microns.

9. The flakes as defined in claim 8, wherein each of the
two adjoining sides comprises at least four waves and
wherein an amplitude of the waves is less than 20% of the
diameter of the face surface.
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